The hydrogeochemical and stable isotopes of water (δD and δ 18 O) were combined to investigate the deep groundwater recharge processes in the geologically complex intermountain basin (Kathmandu Valley). Results of the stable isotopic composition of the deep groundwater compared with global and local meteoric water lines and d-excess showed the deep groundwater as a meteoric water origin which is insignificantly affected by evaporation. The analysis suggests the deep groundwater was recharged during high rainfall periods (wet season). Additionally, the control of seasonal variation was absent in the deep groundwater and in the spring water samples. The large range of isotopic composition distribution was due to the altitude affect, whereas variations are from the various geological settings of the infiltration encountered during the recharge processes.
INTRODUCTION
Groundwater recharge in basins surrounded by mountains on all sides is affected by the spatial distribution pattern of precipitation, the topography, and the basin system (Duffy & Al Hassan ) . The dependency of the growing population in these basins is sensitive to the stresses related to the groundwater recharge. Understanding groundwater recharge processes in a closed intermountain basin provides the basis for establishing the sustainability and vulnerability of groundwater. Moreover, it minimizes groundwater extraction consequences such as groundwater depletion and contamination transport (Keesari et al. ) .
Some studies identified the recharge processes of groundwater basins on the basis of long-term observations ). The recharge processes of the deep groundwater along with its spatial distribution in the intermountain basin is not well understood. However, a closer look is essential for identifying the local influence on recharge processes of the watershed.
The objective of this study is to identify the deep groundwater recharge environment in an intermountain basin and spatial distribution of the recharge processes. This study also attempts to identify any vertical or lateral recharge in the deep groundwater situated in the densely populated area.
The study uses the combination of stable isotopic compositions of water and hydrochemical analysis of the groundwater for the first time in the Kathmandu Valley in order to investigate the environment of recharge processes.
MATERIALS AND METHODS

Study area
The Kathmandu Valley basin is located between latitudes 
Geology and hydrogeology
The valley basin rests on the Kathmandu Nappe (Sakai ) which are intensely folded, faulted and fractured (Shrestha The isotopic ratios (δD and δ 18 O) were reported relative to the VSMOW standard (Craig ), given by:
where R indicates the isotopic ratio of D and 1 H or 18 O and 16 O.
The cation and anion concentrations were measured using an ion chromatograph (ICS-1100, Dionex, USA)
with an analytical error of 5%, and the bicarbonate concentrations were measured using the titration method (pH 4.8)
RESULTS
Chemical composition
The major cations and anions in the sampled water sources are shown in Table 1 . 
The variation of Cl
Isotopic compositions
Groundwater samples The δD and δ 18 O in shallow groundwater range from À65
to À37‰ (median: À54‰) and from À9.4 to À5.5‰
(median: À7.8‰) (Table 1) . Deep groundwater, except for that in the NW part of the valley, exhibits similar isotopic composition to shallow groundwater and river water.
Spring and river water
The δD and δ 18 O values of the spring water collected from the northern mountain range from À63 to À56‰ and from À9.3 to À8.3‰, respectively. The water isotopic values vary according to the altitude (Figure 9 ). The stable isotopic values of spring samples collected from the southern mountain ranged from À60 to À62‰ in the dry season and À60 to À61‰ in the wet season for δD, whereas δ 18 O in both seasons was À9‰. This result indicates no seasonal variation in the spring water samples. Similarly, the δD and δ 18 O values of the river water samples range from À70 to À54‰ (average: À59‰) and from À7.3 to À9.6‰
(average: À8.4‰) (Table 1 ). Comparing the δ 18 O and δD values in river waters, they were lower in the samples collected from the base of the mountains and were higher in lowland tributaries.
Altitude effect
To evaluate the altitude effect of rainfall, it is necessary to examine the long-term and spatially distributed rainfall Nevertheless, the distribution of water isotopic value and lapse rate confirms that the isotopic values of springs are linearly related to elevation, reflecting the local altitude effect in spring water. These water isotopic values can be used to estimate the recharge altitude of the spring and groundwater (Equations (2) and (3)). However, estimation of recharge origin will be difficult to use in the groundwater with evap- Meanwhile, the heavier water isotopic values of the deep groundwater (from À65 to À49‰) are similar to those of the shallow groundwater and river water (Table 1) with a dominance of Ca-Mg-HCO 3 type in the central part of the valley. Ca-Mg-HCO 3 suggests fresh groundwater infiltration while no evaporation effect was observed in the stable isotopes of water (Figure 7) . The heavier isotopes of water in shallow groundwater in the central part of the valley was found to be recharged from lower altitudes (<1,500 m) (Nakamura et al. ) . The heavier water isotope value suggests vertical recharge from low altitudes.
On the other hand, the low concentration of Cl À (Figure 10 This study also pointed out the possibility of the deep groundwater recharge from southern parts of the valley rather than only from the northern and southeastern part of the valley which were considered as recharge zones.
Thus, this study attempts to set up the boundary conditions for understanding the spatial distributions of recharge processes of deep groundwater in a geologically complex intermountain basin.
